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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISACE D'UN 
PUTTS, NOTAMMENT DTfN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DE TRONgONS TUBULAIRES ABOUT ES INTTIALEMENT 
SOUPLES, ET DURCIS JN SITU 

U presente in vennon concert* un j*oc6J6 pourfortf etchanijcnmpuiu, 
notamment an puiu de forage ptoolicr, so mqyea d'an ensemble de trottgoos tubuUircs 

- ou pctTorme* - similaires, imtialement soupks, aptes ft toe replies loagstudinilement 
wdlesHntaes pour too ^ 

5 I'cftct d'une pittstoo intcroc pour prendre uoe forme cyiindrique. et enfia a toe 
rigufifiec* ja ritu par polymerisation de tew parol l*cooombrement transversa! d'une 
preYorme repute ettnt de dimension nuximale sensiblement tofencure ft ton diametre 
interne k 1 'Art d£pli6\ et lesdites preTonnes possddant one portion d'extremice" doal le 
diametre - tpres depliement - est legeretneot superieur a oclut de U prcTormc, oe qui 

10 permet leur jonctioo bout-ft-bout par eraboTtemenl, avec recouvremeot de ladite portioo 
d'extremitl 

Ainsi. en recouraal ft ce type de preTormc. qui est connue en soi 

- iwtammeat par le document WOA-94/21887 - ii est possible d'obtenir un cfaemisage 
d'un diamtoe constsru $ur toulc la longueur du puita. 

15 A cet cgard, U coflvtent de rappcJer qu'mvec des d*misages (ou tubeges) 

tradttonnels ooostituea par de* cube* en acter. on cat oblige* d'utiliser dec troncous 
lubulaiitaieleaccpique^a 

de* probicmes d'instalration etd'expioi Cation utteneure du pints. 

L'ocjectif de I 'invention est de proposer un prcceVfe de forage et de 
20 chetnisage du puits, a l*aide de preTonnes du type mcntionne* ci-dessus, qui puisse toe 
mis en oeuvre de manierc simple et raptde, a raible coui 

Pour cela, et confonndmenl k rinveaiioo, on commence par mettre en 
r^sceun premier troooaadu 
troocon csant tournee ven In bas. 
25 UproceVkaeic«lWeQtic« 

a) on Tail passer awalement, de haut en baa, a travers ledit troocoo, un 
outil de forage, et on fore au-dessous et dans le proloogemerit de ce troocon un trou de 
foraieetdeprofondeuradap 

b) oo retire routade forage; 

30 c) on introdmt une preTonne, a Ketat rcplie*, k I'tnieneur du puits en la 

faisant traverser le troocoo deja en place, et on U posiuonne coovenabletneni a riniericur 
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du tnw, a portion d'cxtremit* haute vaunt *c placer a V iotdncur dc U portion d'ex- 
trenuie" clargic du trooccn ; 

d) on introduit on timcnl Auide au fond du trou, autour de la portion 
d*cxfrKiuc£ basse de la preTorme ; 
5 c) on introduit un fliride sons pressicn, de density fupencure a la derail 

du rimem. a rintericur de U preTorme aTm dc U depiier ndialcoent, progranvemem de 
bat en haul, en ref oulant le dment. c*galetncnt de has en haut, autour de la preTorme, 
couteU paid du trou; 

0 tout en mainienant U preTorme sous predion interne, on en cWTe la 
10 prapourUpolymeriser ; 

g) le dment ayant pro. et U preTorme ayant dure* poor constituef un 
troocco tubulatre rigide de chemUafe, on rtdre axialement let outUUges ayant tcrvi au 
gonfUge et a la pdyraeYisaiion de Im prtTarroc, aiiui qu'l U distribution du draeni ; 

h) on rtltere IVmdntion pour ks troneons suivanta, jusqu'a obtenir la 
15 longueur de puits chemist louhaitee. 

Lorsque, comme cda sera explique* plus loin, la preTorme preaeute des 
reserves de resbae antes a migrer vers rexterieur pour former des verrous amwlaires 
d Ytaachfi te\ le poatiotuxment de cea venous est realise* au detail de V6apc f d-dessus. 

De maniere parucutieremeni avantageuse, on utilise un ouut de forage dn 
20 g^nm trepan apte a occupersele^ 

premier 6at d'encombrcment minimal, tiri penncnant de passer a rimeneur du tronoon 
dej* en place, un second e*tat, d'eaoombrcment intenneViiaux, pour k forage dc la partie 
principale du trou et un trotiieme eat, d'encombrement maximal , pour le forage de la 
partie du trou destinee a reccvoir U portion dargie de la prffonne. 
25 Daraunmodedcitainuulcapr^ 

a la polymensation de U preTorme, ainst qu 'a la distribution du dment. comprend une tfte 

aoouble valve placed 

fl utde de gomlas^ a rinleriew de U pre^^ 

L'instatUtion de forage et de chemteage. qui fait egalement partie de la 
30 presentemvajtio^ 

qu*cUecen m tean\eaiaedcpttiti: 

• une bobine de stockage et 6t reception, a Teat cnroule\ de ladite 

preTonne; 

- une tfce surplc^bamr entree du puits, apte a pennettre le guidagc et 

35 rintradncuoo^ 

du ptrits ainsi qu*au gonflage et a la pdymensauondeUpreTcrme: 
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- des bobinea de stockage a PeTst enroute de tubes me^queselistiquc- 
meat deTormables apees a faire descendre ct rcmoater lesdits outillages dans le puits. Tun 
de ces tubes oontcoant un dWe servant i I 'alimentation de la preTonne en courant 
elcctrique; 

- un geoerateurde courant ficctrique. 

D'eutres caracteristiquea ct avantages de i'lnvention apparaltront dc U 
description et des destins annexes qui en represented a simple litre d'exempto non 
limitatifs un modede miKeo ceuvrc preT«, aiosi que rimtalUooacorn^poodante. 

Sur ces detains: 

-let figures U4 sent des vuea ache^nati(^ en coupe sjctale, moatrant 
les differente* e*tapes dc reoperation de forage de la paxtie de puits qui doit recevoir la 
preTonne; * 

• la figure5 est une viie scfaematique d'une pceTonneetdcl*outillagedont 
die cat solidaire, avaat mise en place, dans le puits ; 

- let figures 6 et 7 sont des vues partieUes de I'extremite basse de la 
preTonne, destinies 1 fflustrer le principe dc U double valve dont est pourvue U tete 
(fouulla$e; 

- les figures 8 1 15 tUustrent les dilTerentes tapes de mise en place d'une 
prtforme mu bout d'un tn»coo dtfjfc en pUoc ; 

- la figure 16 reprcsente schetnatiquemenu en coupe axiale, un puits 
chemise* par trois froooons ccaxiauxaboutcs; 

- la figure 17 est une vue eehematioue moatrant les differents matericla 
anstituufade rinstallanoa. situes en surface (tftede puits) ; 

. les figures 1 8 a 30 - k ecbdle plus petite - iltustrent le fcocriotmemeni de 
rinstailnlion au count des diflerenti* crapes do cncmisige. 

La figure 1 reptesente rexttemite* basse d'un puits vertical en cours de 
forage et de chesniaage. Ce pui ts, incompletement fore\ comporte un cfacmisagc deji en 
place sous forme d'un tube cytiorfrique rigide 2 presentant une portion d'extremite* basse 
20elargie. 

lxdiametrcDdecctteportie20estlegerem 
d de la paxtie principale % u bten qu v il est possiUed'embotter les uns dans lesautres des 
troocoas 2, avec fecouvrement des parties d'extremite* 20. 

I f tTTn^m 4" 7 +** mm A*** ^ pmti p«r un omcnt periphfcn- 

que 200. 

Nous alioQS maintenant decrire de quelle maniere vaetre mis en place, k 
Tatck du poccd£ de rmvenu^^ 
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Pour ccU. comme iliustre* aux figures I a 4, on commence pw forer un 
trou desu n£ a rccevoir cc troncon. 

A eel effet oo utilise on outil dc forage 1. du genre trepan, qui a la 
parucularitd de pouvotr etre rftracte" on dilate* radUlcment, dans trots e*tats d'encom- 
5 bctaest different*. 

Dans un premier 6m. iliustre* a U fifurc 1, 1'ovtil est rftracaf no maximum 
de telle maniere que sa plus grande dimension transversalc autorise son fibre passage a 
I'inteneur du troncon 2. ajdal ement a travers cdui-cL 

Dans oet ecu, son enoombremeni eat done plus petit que dL 
10 De maniere connuc, I'ootil de forage 1 eat fix* a 1 Vxtremit* d'unc tige 

tnbrtaire 10, qui pone le motenr d'entratnement (non repreaente") de Toutil en rotation, et 
les organes assurant son deployment ou sa contract** radiate. 

Comme on 1c verra plus loin, la dge 10 est montee a I Vrtrdmitf d'nn tube 
me*tallique apte a tore enrouk sur un tambour reoepteur dispose* en surface. enxHcdt 
IS pnits. 

Dana un second 6tat de d^ptoiement nrfai. iliustre' a U figure 2, U parte 
coopante 12 de Toutil possedeuo dtametrede travail aensUementegal aD. 

L'outil ayant 6ti deacendu axiticment dans le puita, a travers k tnbagc 2 
deja en place, on provoque cc deploiement radial au cfiametre D loraqu'il est arrive* a 
20 rinteneur de la portion elargk 2ft On actiaane aloes l'outil en rotation, lout en poursui- 
vantsaAacxntecommcUlus^ 1. 

On realise ainsi le forage d'un trou c^lindrique aa diametre D, coaxial au 
troncon 2. dans lc protongemcnt de cctui-ci, dans k sol S. 

La profoodeur de forage correspond i la longueur du troocon que Ton 
25 soubatkmettre en place. 

L'outil I poasede des organes de coupe additionnels 1 1 qui peuvent toe 
deployea radialement a on diametre supeneur a D, afin de pouvoir rcoevoir la portion 
elar^dutrorican a raettrem 

Cornmc iUustrt a It figure 3, par nanootoe dc ToutU sdoo P 2 , oo realise 
30 ylttri vn ffargifT*""** dM *™ 1 cur tmfc certatne hauteur. 

AUAgure4onadesigndparUreTenrM^ 
dutrou3,parUitterence31Uparoid^ 

basse du trou, dont k diametre D est le meinequccduirkbpaitic3a 
UpitTonne 4 representee 
35 general que ceOe deaite en dAafl cms k WO-A-94/21887 deja cit£. 
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gonflable, du fait qu'on a affaire a un trou borp^ ; dc plus, U prtf<xnK 4 po«Mc unc 
portion d , «tr£mi basse 40 dc section elargic 

La preTormc 4 est rupportee par uoe tige tubulaire 5 en acier. eaioulabte 
5 aur un tambour dc stocfcage situ* en surface, el qui pennet de la fairc descendre 4. 
rinteVieur du pults. et de lui fcurnir les fluides de droeatation a de gonfiage. ainsi que 
reaergie dectrique pour la potymensarion de la prcTonne, par nntermtfiaire d'uo 
dbpwuTde raoootdersealSOO 
topftTcsroetseiaeooida^ 
10 CetypedetigedVierenrocaablee* 

par le terme anglais "COILED TUBING* • en abttge* "CT." *. 

Comme oda est dtait dans le WO-A-94/21887dcjarit*\ la preTonne eat 
obcurtc a ses extrtmitds haute et basse, de maniere aancbe. par des nunchocs arracha- 
falet et/ou decoupabies en (in d'cpeta&oo. 
15 La tele distributrice 51 potsedc une double valve 52. 53, actionnabJe 

select' vement (depub la surface). 

Comme illustre* aux figures 6 et 7, la valve 52 pennet de dtstribuer un 

Hiikfc de goiulaje armteriw 

distribucrtmcimcitfnuk^ 
20 Comme Ulustrf a Ufigurefi, UprcTorme4- qui se trouve Lritialement a 

Temt rsdiaiemeitf RpU^ - est 

traven le tronooo dechemisage 2dejacoplace. 

Bienenicndu.pourc^ccda«^ 

biemeat transversal detopr^^ 
25 c^pUee^o^concsrxodacdui 

Lorsque la preTonne est rcpUcc sur efle-rneme^ die prtsente une section en 

"IT ou ea forme d'escargot - comme Mustr* par cxemple aax figures 6A et 6B. 

respoctivement da document WO-A-94/25655 ; lorsqu'dk est depliee die present* unc 

seetkMcirculaipe. 
30 UpfeTorme4estposiuom^daMletrou 

d'extituul^ plus large 40 ae tiw 

du trou 3 cat determine* pour que, dans cette position. U portion aupeneure de la 
prtTocirKse trouve en rct^ 

On ptocede alors Mlnjecaon d 'une dose decametttlio^ 6a U base deu 
35 prcTorme, via la valve S3 ((leches J, figure 9). 

Le ciment est choisi pour avoir une density voisine - voire Ugerement 
supeneure - de celle de la boue Uquide7setnxrvantdanslc puits. 
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L'anivee de ament ii la base de la preTorme chasse done cettc botie vers le 

haul 

Comme illustrd a la figure 10. on precede ensuite au gonftagc de la 
preTorme, en tnjectant tin fluide sous presston 4 1'intencur de celled, vU la valve 52 
5 (flcctel). 

11 s'agit soit d'un tiquide mtroduit de l f exteneur (depuia lat&ede puits) 
par le conduit 5 dans la preTorme, soit d'un liquid* (eau, botie ou parole) present dans le 
puits etpompl dans U preTorme, 

Le liquide de gonflage est avantageusemcut cnoia pour avoir unc densite* 
10 legeremertfssn*rieureac^ 

gonflage va wo faire progreasivement du bas vera le haut, comme symbolise' par lea 
(leches Gala figure la 

AdeTaut, la progression du gonflage du bas vers le haul peut €tre controlec 
en prevoyanc, le long de la preTorme, une serie de bagues de contention f rangiUes, dont 
15 leseutfde rupture est adapt* a ceaensde progression. 

Le timent est par consequent refbulc egaJeroeiu de bas en baut contre la 
paroi du puits, comme symbolise" par la Heche H. tandis que la boue 7 se trouve cnassee 
vers le haul 

De preference le volume de ciroent penpfaerique n'est pas suflisant pour 
2D attetnareUpartiebautedDlapi*^^ liaison sans ciment dans 

laaonedejonction entre les portions d'extrfmite* dea deux troocoos 2 et 4 (voir figure 

II). 

Dc preTercncc, U pctforme 4 possede one paroi cn reane polymeroable a 
chaud, prise en sandwich entie uae peau intencure et unc peau exterieurc ciastiques, et 
25 munie, cot* mtencur, d'une reserve contenant de !a resine aptc a migrer vera l'exterieur 
pour former dea txwrrekss annul aires favorisant t'ancrage et l'6ancbelCe' du tubage cootie 
U paroi du puits, 

Une preTorme de ce genre est decrite dans la demande de brevet francais 
94 06691 depoaee le 7 jtdlkt 1994 par la demanderesse, et data 
30 ttooaleFCT/ra 9200902. 

Ces venom annulsires. repartU tout le long de la preTorme sort 
9 ; de preTdrencc 11 est prevu une densite* pies grande de verrous (c*eat*4-dire un 
ecanement plus faiWe entre les venous) auxe«rt^ 

maniere a assurer use bonne Itancheit* dans la liaison bout-a-bout des diflcrents 
35 troncons. 

Le ciuuiflageet la polymerisation de la preTorme soat realises une fois le 
gonfiagc terming, la pression de gonflage etant maintenue a I'interienrde la preTorme, 



2741947 



A titre iodicaiif.Uprcsskm interne at dcTonlrecJc 15 bus. 

Lc chaulTage de U preTonne pent sc falrc toil en introduisant un fluidc 
chaud a I , int£ricur da U preTonne, soit par reaction chimiquc cxoAcnniquc, soil encore - 
de preference - par eflct Joule, an raoyen de resistances elcctriques (His cfaaufTants) 
5 diipoato dans la parorf dc ta preTonne ou i proximity de cdk-ci, el aliraeniees cn cwinml 
electriquccepttbUlfcte^ 

A utrelndcaiif,U temperature nec^ 
delt0al40X,etUdureccfcc€Cc&ap^ 

Loraque la polymerisation des venous 9 at de la paroi de preTorme est 
10 tenninCe, cC que !c cimcol 6 a fait » priac (figure 12). oo retire ToutOU** 500. SO, 51 
(OecheK, figure 13). 

On installe aloes un outil de coupe (501) a rextrcmite* du cube 5, et on 
decoupe le manchon dYtanchelte' de l'cxtrtoiu; haute de la preTorme (polymerisee) 4* 
(figure 14), qu'on arrache ensuiCe. On operc de la mcme maniere pour le manchon 
15 infeikur. 

On obtieal alon im troncpn dc cbemaagfi rigid* 4* qui piolonge coaxialc- 
ment le tubage precedent 2 (voir figure 15). 
~^ L'opetatton qui vient d'etre decrice est Ken sor rflteree. croncon aprts 

> * croncon, afin d*obteair tapcofondeur de puits chemise* souhaitee. 

20 Dam un mode de xtalisation possible dc la preTorme, celk-ci a une ime 

compoaee a 30% de resiae epoxy ct a 70% de fibres de verrc. ceoe ame ayant une 
epeisseur de Tofdre de 14mm ; les pcaux intencure et exterieare, en caoutchouc 
tymhe^que^outicspecrivcm 

A thre indtcatif, la portion principale de la prtTonne 4 possede, 1 V6m 
25 depbe\ un dtametre intencurde ''ordre dc 140mm et un diametrc exttrieur dc I'ordre dc 
184mm, tandis que la portion clargie 40 possede an diametrc intericur de Pontic dc 
188mm ct un diametrc cxteneor de rocdrede 236mm. 

Les portions 30-32 ct 3 1 du puits out dea diamines mcyeasdel^xdiede 
197mm et de 244^mm, respecdvemenL 
30 LalonyienrdcsdnTclrcptsti^^ 

simple titre indicanT, la longueur d*une prtTonne pcut torede I *ordrc de SXta. 

La figure 16 icprescnte un puits P chemise* par un ensemble de trois 
tronconi2A.2Bct2Cabc>c^ctdmcntcs. 

U figure 17 represent sch^ 
35 qui perm* demcttrceaccuw^ 

Surcettefigitte.Utatcdeputo 
nrftalliquc (chassis) 100 entourant la tctede puits. 
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Cede structure 100 pone un iajecteur 101 pourvu d'un oboe d'appui 102, 
et icrvint a supporter el a ptxtoer \ct diflcicotj nui^ch kxsqu'Us som desccodus daas 
lerjuitiouienresdec^tti<i^ 

On a design* par la reTerence 54 on tambour de stoefcage aur kquet est 
5 enrodfeUprff<)nne;dk 

La rcTcrence 540 designe ua sabot de support eldegddagedeUpreTonnc 
a I' cattle dupuita. 

Lea rcTcrenccs 56 et 57designent des tamboura w IcsqueU sort eniwtlea 
et stock* lespecuvement Us tabciX.T. w (C^todTuWat)5fi0ct5. 
10 Lb tube 560 sert a supporter et a depiacer Toutfl de forage ; Ie tube 5 

(commc dejadO tert a supporter U preTorme, a amener lea flutdes de gonflage et de 
dmeatatiooaUpreTorme.eta 
polymerisation). 

L'tiectricUe* est foumic par un generator cTectrique SB. 
15 UreTemceS9^gMunecabinedeeQO 

De mamerc dassique, l'cntree du puits a forer est uritialemcnt ganrie d'un 

cuvelage550. 

Le trepan 1 est adapt* a i'extrer&it* du tube 560. lequet eat derouW du 

tambour rfce|^ 56, sup|»rt6 1« 

20 (voir figure 18). 

On precede alora au forage du trou. dc form© ttx&x; 3 , dead n& k reocvoir 

le premier tronoon (figure 19). 

Apres tnisc en place de la prtTorme, cimeatalion d miae au rood, et enfw 
pnlymAiaafion in «tu de cdfc-d. vU un cooducteur dectrique 580 rclteeu a^atotecr 5^ 
25 c* retire le conduit central^ 

54 (vide) sur laqueUe ctoit initialement aiockee la preTorme (figure 20). 

UrrfonncsetrouYeabw 

On deTait eaauile lea connexiona bydraulique et electrique avec U 
preTonne, on inatalle et on accllc de manierc eumche autour de U tete du puts un 
30 appareiflasedeitoiritf 

A IVude de foutil de coupe 501, port* par le tube 5, on decoupe lea 
mauchoos d'etanchelte' haul et baa (figure 22). 

L/eape Kiivantc coasine a forer U section sui ivante. pour obteoir un trou 
cag63 pcoloa|^letionoon2(figMte23). 
35 Ensuite, on calibre lea diameu^et on vc^ 

du trou 3, 1 1 'aide d*un instrument approprie* 1000 (figure 24). 

On met en place uoe nouvdle preTorme (figure 25). 
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On la fait deacendre dans Ic puita, et on b poritiooae convenattemenidans 
le trou 3. Oa U connecte «u tube 5, ct on precede au goaflage, a la cimeatation. dlla 
polym&iiatiau (figure 76}. 

On retire ic conduit central 50, qu'on rcmoatc et qu'on cnroulc iut le 
tambour reVxpteur 54 (figures 27 et 28). 

On euspend Pouti! de coupe 501 au tube 5, et on le descend pour decouper 
lea manchons d'extremite* (figure 29). 

On obticnt aiosi deux troncoos rigkfc»atoutea2A,2B (figure 30). 
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10 

PEVifrrprcATyoNS 



1. Proc6d6 pour fortr ct chemiser un puics, notamment un puitj dc forage 
pdcroiicr, au moyen d'un ensemble dc tixxvjoas tubulaires - ou prcTormes * rimiUira. 
initialemeni souptes, tptes & fttre reputes longituo^nakment sur elles-memes pour ctre 
introduites dans fe ptrits, puis a etre depltee* radialemcnt sous reflet d'une presston 

5 interne pour prendre one fame cylindriquc, ct enfin a &re ripdificeg i n am par polymeri- 
sation dc lew peroi, reucombranent transversal d*une preTorme reptiee e*tant de 
dimension nuudmtlc seusiUement isfeneure 1 ton diametre interne a i'elat depltc^ et 
lesdites preToancs (4) pot»6diat one portion d'extrcmite* (4(9 done Ic msmetre - apres 
deptiemeni - est legerexnextf superieur a ceiui du reste de U preTorme, ce qui permet leur 
10 joncdoQ bout-a-bout par embofterncnt avec recouvrement de laxfite portion d'extremite* 
(40), ctrsctcYis6 par le fait que, un premier troncon (2) ayant 4t£ mis en place du cote* de 
I 'entree du peats, sa portion d 'extrerai t£ dargie (40) tournec vers le bos, 

a) on fait passer axialemcat, de haut en baa a travers ledit troncon (2), un 
outii de forage ( I), et on fore au~des$ous et dans le prolongetnent de oe troncon (2) un 

15 trou (3) dc forme et de profoodeur adaptdes pour rtccvoir le troo^on ruivmm ; 

b) an retire t'outii de focage(l) ; 

c) on imroduit una preTonnc (4), a feua replid, a rintcneur du puits cn la 
faisant traverser le troncon (2) deja en place, et on la pasitionnc ooavcnablement i 
Pinterieur du trou (3), sa portion d'cxtremite* haute venant se placer a r interteur dc la 

20 portion d'exatmite* dargie (40) du troncon (2) ; 

d) on introduit un ciment fiuide (6) au fond du trou (3), autour de ta 
portion d'extremite* basse de ta preTorme ; 

e) on introduit un fluide sous pression (8), de denote* supeneure a la 
densite* du ciment (6), a J'intcneur de la preTonnc (4) aftn de la deplier raduJement, 

25 progresavement de bar en haut» en refoulant le dmeot, e*gaiemeat de bas en bsut, autour 
de U prtTocroc, contre U psuoi du trou (3) ; 

0 lout en inslntensnt la preTorme sous pression interne, on en chaufTe la 
rxaxxpourUpolyrneriser; 

g) |e ciment ayant pris, et la preTorme ayant dura pour constituer un 
30 troogon tubulaire rigidc do chemi sage (4"), on retire axialcment les outillages ayant servi 
an gonflage et aUrJolymeraatioodcUpre^^ 

b) on reltere 1 'operation pour lea tronouns siavants, jusqu'a obtcrrir U 
longueur deprittcaermse*sounsitee. 

2 . Proo6de* sdoo revendication 1. caracterisc* par le fait qn'on utilise on 
35 outU oV forage ( I) du genre trepan, apte a 
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radial e, i savosr un premier €at d'escombrcment minimal, lui penncttant de passer a 
llnierieur du 1100900 (2) deja en place, tin aecood 6t*U d'eocombrcment uitermealaire, 
pour le forage de U partie priodpaJc (30) du trou (3) et un troisieroc e*ui. d'eraxxnbremcnt 
maximal, poor le forage delapartie (31) du trou (3) oVatinee A reccvar U portion elargie 
5 dcUpreTormc(4). 

3 . Proo&A6 ation U revendicatiocj louZ, auactense' par le fail que kdit 
ou tillage oomprcnd une tCtc (51) i double valve (52, 53) ptacte eo partie bane de la 
prcTcxme (4). et apte a dtstribuer selccti vetnent un (luide de gonflage (8) a rinteneur de la 
preTonne (4) d tin rimect fhade (7) I rexteneurdecefle-ci 
10 4 . Installation de forage el dc cuetniiage, dejuoee a U mbc en oeuvre du 

pfOc4Wfdoal'imedoi«vendicauoc^ 
. t&edupuiu: 

- une bobtne (54) de atodcage el de reception, a 1 f enu enrould, de tadite 

. preTonne (4); 

15 - une tfcte (101) aurplombanc Tentree (55) du putts, apte a permettre le 

guidage el riniroductiou dans le puits de la preTonne (4) et des different* outillages 
servant au forage du puita aimi qu'au gonflage et * U pdymensaiion de la prtTorme ; 

- des bobines (56, 57) de stockagc a I 'etai enrouM de tubes mdtalliquca 
elasoqucmcnt deTormabks (560, 5) aptes a fairc descendrc ct remonter leadits outUUges 

20 dans le puits. Tun (5) de ces tubes con tenant un ctbk? servant a ralimentation de la 
preTarme en oourant electrique ; 

- un genetateur de courant electrique (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 

57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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1 

PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections— or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 

5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 

10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 

operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

0 while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 
the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
.15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step 0 above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; • 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

• figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

• figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure I, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F t in figure 1. 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
- arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than— 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 11). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2 A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 
5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 
entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill toot; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms— that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 

5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

1 5 b) the drill tool (I) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (3 1) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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